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(57) A path network and a path network operation 
method capable of dealing with an abrupt traffic varia- 
tion by realizing fast path bandwidth increase are dis- 
closed. A path network is operated by transmitting path 
signals from a transmitting node to a receiving node 
through the working paths and the protection paths, and 
converting a protection path into a working path tempo- 
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rarily in order to increase a bandwidth of the working 
paths when a bandwidth increase request occurs in the 
path network. The transmitting node and the receiving 
node can convert a protection path into a working path 
by using the automatic path conversion information con- 
tained in the path overhead attached to the path signals. 
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Description 

BACKGROUND OF THE INVENTION 

FIELD OF THE INVENTION 5 

[0001] The present invention relates to a path net- 
work for carrying out communications using one or 
more working paths and one or more protection paths 
between nodes, and more particularly to a method for 
operating such a path network which is capable of deal- 
ing with a bandwidth increase request resulting from an 
abrupt traffic variation. 

DESCRIPTION OF THE BACKGROUND ART 

[0002] Conventionally, in a path network where 
communications are carried out by using working paths 
and protection paths and these paths are managed by a 
network management system, when there is a band- 
width increase request due to an increase of traffic or a 
convenience of management, the bandwidth is 
increased by the network management system by 
searching for idle paths among the working paths as 
well as idle paths among the protection paths, and 
opening any idle paths that are found by the search to 
traffic. 

[0003] Here, a path network is a network which 
employs a transmission network hierarchy (three hierar- 
chical levels) in a frame structure as a characteristic of 
SDH (Synchronous Digital Hierarchy), which is defined 
along with a channel network and a media network, 
which is not dependent on any channels and transmis- 
sion media, which is shared by various services in gen- 
eral, and which constitutes a unit of operation in a 
transmission path network. Also, an optical path is a unit 
of operation for each wavelength in a transmission path 
network. 

[0004] In general, in the path network, the working 
path and the protection path are used to transmit the 
same signals between the same nodes via different 
routes such that the protection signals transmitted by 
the protection path can be utilized whenever the work- 
ing path fails. 

[0005] Fig. 1 and Fig. 2 show exemplary configura- 
tions of a conventional path network which respectively 
indicate an initial, state before the path number change 
and a state after the path number change. Fig. 3 is a 
flow chart for the operation of a network management 
system in a conventional path number changing proce- 
dure. 

[0006] In Fig. 1 and Fig. 2, the path network com- 
prises nodes 1-5 (node A to node E), a network man- 
agement system (OpS) 6, working paths indicated by 
solid lines, protection paths indicated by dashed lines, 
and network management communication paths indi- 
cated by dotted chain lines. Fig. 1 shows an initial state 
of an ordinary operation state, where two working paths 



are connected from a node A 1 to a node E 5 through a 
node B 2 and a node C 3. In such an initial state, a 
bandwidth increase request will be generated when traf- 
fic between the node A 1 and the node E 5 is increased 
or when it becomes necessary for a convenience of 
management as in the case of carrying out a construc- 
tion between the node A 1 and the node E 5. The net- 
work management system 6 refers to a network 
configuration information to search for idle paths among 
the working paths as well as idle paths among the pro- 
tection paths in response to the request, and if idle 
paths are found, the network management system 6 
sends a command for opening a path to nodes (nodes A 
1, B 2, C 3 and E 5 in this example) through which the 
idle path is passing. This path opening command is 
transmitted via the network management communica- 
tion path indicated by the dotted chain line. Upon receiv- 
ing this path opening command, these nodes (nodes A 
1, B 2, C 3 and E 5) open the path to traffic as com- 
manded, so as to realize the bandwidth increase. 
[0007] The path number changing procedure at the 
network management system 6 is as shown in Fig. 3. 
Namely, when there is a new path allocation request 
(step 71), the network management system 6 carries 
out a route calculation for calculating traffic between 
nodes 1 and 2, traffic between nodes 2 and 3, and traffic 
between nodes 3 and 5, as well as a resource reserva- 
tion for maintaining and confirming the currently used 
working paths while searching for idle paths (step 72), 
and if an idle path is found, the path set up is executed 
by transmitting the path opening command (path set up 
command) to nodes through which the idle path is pass- 
ing (steps 73-75). 

[0008] As indicated by three solid lines in Fig. 2, 
after the bandwidth increase, the number of working 
paths is increased by one, and a third protection path 3 
is opened by transmitting the path opening command 
from the network management system 6 to a protection 
node 4 as indicated by three dashed lines in Fig. 2, 
[0009] However, in the case of allocating a new 
path via the network management system, the search of 
idle resources in the network requires a considerable 
amount of time so that it is extremely difficult to set up a 
new path in response to an abrupt traffic variation. 

SUMMARY OF THE INVENTION 

[0010] It is therefore an object of the present inven- 
tion to provide a path network and a path network oper- 
ation method capable of dealing with an abrupt traffic 
variation by realizing fast path bandwidth increase. 
[0011] According to one aspect of the present 
invention there is provided a method for operating a 
path network for carrying out communications between 
nodes using one or more working paths and one or 
more protection paths, the method comprising the steps 
of: transmitting path signals from a transmitting node to 
a receiving node through the working paths and the pro- 
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tection paths; and converting a protection path into a 
working path temporarily in order to increase a band- 
width of the working paths when a bandwidth increase 
request occurs in the path network. 

[0012] According to another aspect of the present 5 
invention there is provided a path network for carrying 
out communications between nodes, comprising: a 
transmitting node for transmitting path signals; a receiv- 
ing node for receiving the path signals; and one or more 
working paths and one or more protection paths for w 
transmitting path signals between the transmitting node 
and the receiving node; wherein the transmitting node 
and the receiving node have a function for converting a 
protection path into a working path temporarily in order 
to increase a bandwidth of the working paths when a 15 
bandwidth increase request occurs in the path network. 
[0013] According to another aspect of the present 
invention there is provided a node device functioning as 
a transmitting node in a path network for carrying out 
communications between nodes using one or more 20 
working paths and one or more protection paths, the 
node device comprising: a plurality of path generation 
units, each path generation unit transmits path signals 
obtained by attaching a path overhead to client signals, 
where the path overhead contains an automatic path 25 
conversion information to be used in converting a pro- 
tection path into a working path, such that a protection 
path is converted into a working path temporarily by 
using the automatic path conversion information con- 
tained in the path overhead, in order to increase a band- 30 
width of the working paths when a bandwidth increase 
request occurs in the path network; a plurality of multi- 
plexing units, each multiplexing unit multiplexes the path 
signals to be transmitted through each route and trans- 
mits multiplexed path signals through each route; and a 35 
switch unit for switching the path signals transmitted by 
the path generation units into the multiplexing units. 
[0014] According to another aspect of the present 
invention there is provided a node device functioning as 
a receiving node in a path network for carrying out com- 40 
munications between nodes using one or more working 
paths and one or more protection paths, the node 
device comprising: a plurality of path termination units, 
each path termination unit applies a termination 
processing to a path overhead attached to path signals 45 
received from a transmitting node, where the path over- 
head contains an automatic path conversion information 
to be used in converting a protection path into a working 
path, such that a protection path is converted into a 
working path temporarily by using the automatic path so 
conversion information contained in the path overhead, 
in order to increase a bandwidth of the working paths 
when a bandwidth increase request occurs in the path 
network; a plurality of demultiplexing units, each demul- 
tiplexing unit demultiplexes multiplexed path signals 55 
transmitted through each route into path signals for 
each path; and a switch unit for switching the path sig- 
nals for each path obtained by the demultiplexing units 



into the path termination units. 

[0015] Other features and advantages of the 
present invention will become apparent from the follow- 
ing description taken in conjunction with the accompa- 
nying drawings. 

BRIEF DESCRIPTION OF THE DRAWINGS 
[0016] 

Fig. 1 is a diagram showing a configuration of a 
conventional path network in an initial state before 
the path number change. 

Fig. 2 is a diagram showing a configuration of a 
conventional path network in a state after the path 
number change. 

Fig. 3 is a flow chart for a conventional path number 
changing procedure used in a conventional path 
network. 

Fig. 4 is a diagram showing a configuration of a 
path network according to the present invention, in 
an initial state. 

Fig. 5 is a diagram showing a configuration of a 
path network according to the present invention, in 
a state after an automatic path conversion. 
Fig. 6 is a diagram showing a configuration of a 
path network according to the present invention, in 
a state where protection paths are added. 
Fig. 7 is a diagram showing a configuration of a 
path network according to the present invention, in 
a state after a priority order byte re-assignment. 
Fig. 8 is a flow chart for an automatic path conver- 
sion procedure in a path network according to the 
present invention. 

Fig. 9 is a signal sequence chart for an automatic 
path conversion procedure in a path network 
according to the present invention. 
Fig. 1 0 is a table showing an exemplary definition of 
an automatic path conversion byte used in a path 
network according to the present invention. 
Fig. 1 1 is a table showing an exemplary definition of 
a priority order byte used in a path network accord- 
ing to the present invention. 

Fig. 12 is a block diagram showing an exemplary 
node configuration for a path network according to 
the present invention in a state shown in Fig. 4. 
Fig. 13 is a block diagram showing an exemplary 
node configuration for a path network according to 
the present invention in a state of transition from 
that shown in Fig. 4 to that shown in Fig. 5, 
Fig. 14 is a block diagram showing an exemplary 
node configuration for a path network according to 
the present invention in a state shown in Fig. 5. 
Fig. 15 is a block diagram showing an exemplary 
node configuration for a path network according to 
the present invention in a state shown in Fig. 6. 
Fig. 16 is a diagram showing an exemplary frame 
configuration used in optical path generation units 
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and optical path termination units in the node con- 
figuration shown in Fig. 12 to Fig. 15. 
Fig. 17 is a block diagram showing an exemplary 
configuration of an optical path generation device 
and an optical path termination device that can be 
used in the node configuration shown in Fig, 12 to 
Fig. 15. 

DETAILED DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

[0017] Referring now to Fig. 4 to Fig. 17, one 
embodiment of a path network and a path network oper- 
ation method according to the present invention will be 
described in detail. 

[0018] In short, the path network and the path net- 
work operation method of the present invention deal 
with the bandwidth increase request due to an abrupt 
traffic variation by temporarily utilizing a protection path 
as a working path and searching and reserving unused 
network resources at the network management system 
while temporarily utilizing the protection path in 
response to the bandwidth increase request, in view of 
the fact that the path network provides protection paths 
in correspondence to working paths in most cases. 
[0019] Fig. 4 to Fig. 7 show various states of the 
path network as operated by the path network operation 
method of this embodiment, where Fig. 4 shows an ini- 
tial state, Fig. 5 shows a state after an automatic path 
number change, Fig. 6 shows a state in which a protec- 
tion path is added by the network management system, 
and Fig. 7 shows a state after a priority order byte re- 
assignment. 

[0020] In Fig. 4 to Fig. 7, the path network com- 
prises nodes 1 0-1 4 (node A to node E), a network man- 
agement system (OpS) 15, working paths indicated by 
solid lines, protection paths indicated by dashed lines, 
and network management communication paths indi- 
cated by dotted chain lines. 

[0021] In the initial state of Fig. 4, two working paths 
are set up from the node A 10 to the node E 14 through 
the node B 1 1 and the node C 12, while two protection 
paths are set up from the node A 1 0 to the node E 14 
through the node D 13. The network management sys- 
tem 15 is connected with all the nodes through the net- 
work management communication paths. In this state, 
the protection signals flowing through two protection 
paths are equivalent to the working signals flowing 
through two working paths. 

[0022] Suppose now that there is a new path alloca- 
tion request in the state of Fig. 4. Such a new path allo- 
cation request is issued by a traffic monitoring function 
of a router or an operator external to the path network of 
Fig. 4, and detected by a control unit (not shown) pro- 
vided in the node. Then, a processing for converting the 
protection path into the working path automatically is 
carried out between the node A 10 and the node E 14 
such that one of the two paths that are used as the pro- 



tection paths is converted into a working path. Fig. 5 
shows a state at this point, where one working path and 
one protection path are set up from the node A 10 to the 
node E 14 through the node D 13, in addition to the two 

5 working paths from the node A 10 to the node E 14 
through the node B 11 and the node C 12. In such a 
state, only the protection signals corresponding to the 
working signals flowing through the working path with 
the highest priority level will flow through the protection 

10 path. For instance, the protection signals flowing 
through the protection path from the node A 10 to the 
node E 14 through the node D13 can correspond to the 
working signals flowing through the upper working path 
from the node A 10 to the node E 14 through the node 

7 5 B 1 1 and the node C 12. 

[0023] Suppose now that two new protection paths 
are allocated thereafter by the network management 
system 15 in the state of Fig. 5. Figs 6 shows a state at 
this point, where one newly allocated protection path is 

20 set up from the node A 10 to the node E 14 through the 
node B 11 and the node C 12 in addition to the two 
working paths, while one newly allocated protection 
path is set up from the node A 10 to the node E 14 
through the node D 13 in addition to the one working 

25 path and the one protection path. In this state, the pro- 
tection signals flowing through three protection paths 
are equivalent to the working signals flowing through 
three working paths again. 

[0024] Finally, the network management system 15 
30 re-arranges the working paths and the protection paths 
by interchanging the one working path and the one pro- 
tection path, such that three working paths are set up 
from the node A 10 to the node E 14 through the node 
B 1 1 and the node C 12 while three protection paths are 
35 set up from the node A 10 to the node E 14 through the 
node D 13, Fig. 7 shows a state after this re-arrange- 
ment. This re-arrangement can be realized by the prior- 
ity order byte re-arrangement as will be described 
below. 

40 [0025] Fig. 8 shows a flow chart for the operation of 
the path conversion method used in this embodiment. 
[0026] When a new path allocation request is gen- 
erated due to some cause such as a traffic increase 
(step 81), a protection bandwidth is converted into a 

45 working bandwidth automatically between the node A 
1 0 and the node E 1 4 (step 82). Then, the network man- 
agement system 15 carries out the route calculation 
and the reservation of idle resources in the network 
(step 83), allocates a new path and sends the path set 

so up command so as to set up the path at each relevant 
node (steps 84-86). Then, the working paths and the 
protection paths are re-arranged by re-assigning the pri- 
ority order bytes of the paths according to a request of 
the network management system 15 (steps 87, 88). 

55 After a required bandwidth in the path network 
decreases, the network management system 15 can 
request a release of some working paths and protection 
paths by sending the path release command so as to 
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reduce a bandwidth of the working paths and the pro- 
tection paths (steps 89, 90). 

[0027] Note that the re-arrangement of the working 
paths and the protection paths as shown in Fig. 7 and 
the priority order byte re-assignment of the step 88 is an 5 
optional feature that can be omitted if desired. Also, the 
path releasing of the step 90 is an optional feature that 
can be omitted if desired. 

[0028] The correspondence between the steps of 
Fig. 8 and Fig. 4 to Fig. 7 described above is as follows. 10 
A state (initial state) before the new path allocation, 
request (step 81 ) corresponds to Fig. 4, a state after the 
protection bandwidth conversion (step 82) corresponds 
to Fig. 5, a state after the resource reservation and the 
path set up execution (steps 83-86) corresponds to Fig. 15 
6, and a state after the priority order byte re-assignment 
(step 88) corresponds to Fig. 7. 

[0029] Fig. 9 shows a signal sequence chart for the 
automatic bandwidth conversion, Fig. 10 shows an 
exemplary definition of an automatic bandwidth conver- 20 
sion byte (automatic path conversion byte), and Fig. 1 1 
shows an exemplary definition of a priority order byte. 
[0030] In Fig. 10, the automatic bandwidth conver- 
sion byte is defined by four bits (bit 1 to bit 4) as follows. 
"0000" indicates an ordinary state, "0001" indicates a 25 
protection path conversion request for requesting con- 
version of a protection path into a working path, "001 1" 
indicates a protection path conversion reverse request 
for requesting signal transmission through the con- 
verted bandwidth with respect to a node that issued the 30 
request. "0100" indicates a protection path conversion 
complete and waiting for change, "0101" indicates a 
reply for the same content as "0100", "0110" indicates 
changing priority order byte, and "0111" indicates a 
reply for the same content as "01 1 0". 35 
[0031] Also, Fig, 11 defines the first bit for distin- 
guishing between the working path and the protection 
path, and the second to eighth bits for indicating the pri- 
ority orders from "0" to "127". 

[0032] In the above described path conversion 40 
method, the priority order byte is utilized as follows. 
Namely, the priority orders are assigned to the working 
paths and the protection paths in advance, such that the 
protection path with the priority order No. 1 will be con- 
verted into a working path at a time of converting a pro- 45 
tection path into a working path. For example, in Fig. 4, 
the priority orders No. 1 and No. 2 are assigned to the 
upper one and the lower one of the two working paths 
respectively while the priority orders No. 1 and No. 2 are 
also assigned to the upper one and the lower one of the so 
two protection paths respectively. Then at a time of con- 
verting a protection path into a working path, the protec- 
tion path with the priority order No. 1 will be converted 
into a working path as shown in Fig. 5. Also, at a time of 
reducing the number of paths as the required bandwidth 55 
decreases, paths with the lower priority levels are dis- 
carded at higher priority. Also, at a time of re-arranging 
the paths by re-assigning the priority order byte, the first 



bit of the priority order byte of the paths that are to be 
interchanged will be changed. 

[0033] The operation sequence for the automatic 
bandwidth conversion is carried out according to Fig. 9 
as follows. 

[0034] In the case of converting a protection path 
into a working path automatically between nodes, the 
conversion is realized by defining the automatic path 
conversion byte and the priority order byte in an over- 
head section of the path and exchanging this informa- 
tion. 

[0035] First, the node A transmits the protection 
path conversion request 91 using a downward commu- 
nication path. The node E that received the protection 
path conversion request 91 converts the protection 
bandwidth into the working bandwidth (92), reserves an 
output terminal at the receiving side, connects its input 
to the path from which the protection path conversion 
request 91 is received, and returns the protection path 
conversion reverse request 93. The node A that 
received the protection path conversion reverse request 
93 transmits signals through the converted path (94) 
and notifies the protection path conversion completion 
95 to the node E. 

[0036] In this way, the automatic path conversion 
information to be used in converting a protection path 
into a working path and the priority order information 
indicating the priority order of the path are exchanged 
by being contained in the path overhead. 
[0037] Fig. 12 to Fig. 15 show exemplary node con- 
figurations of the node A and the node F in order to 
explain the path set up. 

[0038] Fig. 12 shows a node configuration in the 
case of using two working paths and two protection 
paths as shown in Fig. 4, Fig. 13 shows a node configu- 
ration in a process of transition from a state of Fig. 4 to 
a state of Fig. 5, Fig. 14 shows a node configuration in 
the case of using three working paths and one protec- 
tion path as shown in Fig. 5, and Fig. 15 shows a node 
configuration after setting up three working paths and 
three protection paths as shown in Fig. 6. 
[0039] In Fig. 12 to Fig. 15, the node A comprises 
path generation units 20-23, an optical switch unit 24, 
and wavelength multiplexing units 25-28, while the node 
E comprises wavelength demultiplexing units 30-33, an 
optical switch unit 34, and path termination units 35-38. 
Note that, although not shown in Fig. 12 to Fig. 15, each 
node has a control unit for controlling the operation of 
the above noted units constituting each node, as will be 
described below. Note also that the exemplary case of 
transmitting signals from the node A to the node E will 
be described here, and the description of the case of 
transmitting signals in the opposite direction will be 
omitted. 

[0040] The exchange of the path overhead is car- 
ried out between the path generation units 20-23 and 
the path termination units 35-38. Here, an overhead is 
an ample region for transferring the operation mainte- 
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nance information that is provided in a transmission 
frame in order to enable sophisticated network opera- 
tion. In the SDH, the overhead region amounting to 
approximately 1 0% of the transmission frame is defined. 
As described above, the path overhead used in the 
present invention contains the automatic path conver- 
sion information to be used in converting a protection 
path into a working path and the priority order informa- 
tion for indicating the priority order of the path. 
[0041] The node A on the transmitting side in Fig. 
12 comprises the path generation units 20-23, the opti- 
cal switch unit 24 and the wavelength multiplexing units 
25-28. When the client signals are entered into the path 
generation units 20-23, the path generation units 20-23 
generate path signals by attaching the path overhead to 
the client signals. The path overhead contains the auto- 
matic path conversion information and the priority order 
information mentioned above. The optical switch unit 24 
sets appropriate routes for signals of the working paths 
and the protection paths from the path generation units 
20-23. 

[0042] For example, the working paths from the 
path generation units are sent to the wavelength multi- 
plexing unit 25 via the optical switch unit 24, and a plu- 
rality of working paths are multiplexed at the wavelength 
multiplexing unit 25 and transmitted to the transmission 
path. Also, the protection paths from the path genera- 
tion units are sent to the wavelength multiplexing unit 26 
via the optical switch unit 24, and a plurality of protec- 
tion paths are multiplexed at the wavelength multiplex- 
ing unit 26 and transmitted to the transmission path. 
[0043] At the receiving side, two paths from differ- 
ent transmission paths including the working path and 
the protection path are lead to a prescribed one of the 
path termination units 35-38 in most cases. Then, the 
client signals are outputted from the path termination 
units 35-38. In Fig. 12 to Fig. 15, the working paths are 
indicated by bold solid lines while the protection paths 
are indicated by bold dotted chain lines. 
[0044] Fig. 12 shows an initial state in which two 
working paths and two protection paths are set up 
between the node A and the node E. The two working 
paths are transmitted and received through the trans- 
mission path connecting the wavelength multiplexing 
unit 25 on the transmitting side and the wavelength 
demultiplexing unit 30 on the receiving side, while the 
two protection paths are transmitted and received 
through the transmission path connecting the wave- 
length multiplexing unit 26 on the transmitting side and 
the wavelength demultiplexing unit 31 on the receiving 
side. 

[0045] Fig. 13 shows a state after the protection 
path connected to the path termination unit 35 is re-con- 
nected to the path termination unit 37 in the receiving 
side node E as the bandwidth change request is issued. 
Namely, when the control unit (not shown) of the node A 
detects the bandwidth change request, the node A is 
controlled by its control unit to transmit the protection 



path conversion request through the downward trans- 
mission path. In response, the node E is controlled by 
its control unit to reserve an output terminal at the 
receiving side, that is the path termination unit 37, and 

5 connect its input to the wavelength demultiplexing unit 
31 through the optical switch 34 so as to to connect it to 
the path to the node A from which the conversion 
request is received. Then, the protection path conver- 
sion reverse request is transmitted to the node A 

to through this path. 

[0046] In Fig. 14, after the reverse request is sent 
from the node E to the node A, the transmitting side 
node A is controlled by its control unit such that the pro- 
tection path of the path generation unit 20 is converted 

15 as a working path of the path generation unit 22. Then, 
after receiving the reverse request, the node A is con- 
trolled by its control unit to transmit signals to the con- 
verted path via the path generation unit 22, the optical 
switch unit 24 and the wavelength multiplexing unit 26, 

20 and notify the protection path conversion complete to 
the node E. In this way, in Fig. 14, two working paths are 
connected through the transmission path connecting 
the wavelength multiplexing unit 25 on the transmitting 
side and the wavelength demultiplexing unit 30 on the 

25 receiving side, while one working path and one protec- 
tion path are connected through the transmission path 
connecting the wavelength multiplexing unit 26 on the 
transmitting side and the wavelength demultiplexing unit 
31 on the receiving side. 

30 [0047] In Fig. 15, a new protection path set up is 
carried out by the network management system such 
that protection paths are set up between the path gen- 
eration unit 20 on the transmitting side and the path ter- 
mination unit 35 on the receiving side as well as 

35 between the path generation unit 22 on the transmitting 
side and the path termination unit 37 on the receiving 
side. Namely, a protection path that is newly set up at 
the path generation unit 20 on the transmitting side is 
connected to the wavelength demultiplexing unit 31 on 

40 the receiving side through the optical switch unit 24, the 
wavelength multiplexing unit 26 and the transmission 
path, and then connected to the path termination unit 35 
through the optical switch unit 34. Also, a protection 
path that is newly set up at the path generation unit 22 

45 on the transmitting side is connected the wavelength 
demultiplexing unit 30 on the receiving side through the 
optical switch unit 24, the wavelength multiplexing unit 
25 and the transmission path, and then connected to 
the path termination unit 37 through the optical switch 

so unit 34. 

[0048] In this way, two working path and one protec- 
tion path are set up in the transmission path connecting 
the wavelength multiplexing unit 25 on the transmitting 
side and the wavelength demultiplexing unit 30 on the 
55 receiving side, while one working path and two protec- 
tion paths are set up in the transmission path connect- 
ing the wavelength multiplexing unit 26 on the 
transmitting side and the wavelength demultiplexing unit 
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31 on the receiving side. 

[0049] In Fig. 12 to Fig. 15, the path generation 
units 20-23 are operated such that the priority order 
byte indicating the priority order and the distinction 
between the working path and the protection path, and 5 
the automatic path conversion byte indicating a request 
for converting a protection path into a working path, a 
reverse request, a conversion complete and waiting for 
change, or changing priority order byte, are defined in 
the path overhead at a time of generating the path sig- 10 
nals by attaching the path overhead to the client signals. 
[0050] Also, the path termination units 35-38 are 
operated such that the automatic path conversion byte 
and the priority order byte in the path overhead are rec- 
ognized at a time of recovering the client signals by car- 15 
rying out the termination processing with respect to the 
path overhead received from the transmitting node, and 
in the case where the received signals is the protection 
path conversion request, the output terminal at the 
receiving side is reserved and its input is connected to 20 
the path from which the protection path conversion 
request is received, and the protection path conversion 
reverse request is returned to the transmitting node. 
[0051] Fig. 16 shows an exemplary frame configu- 
ration for the optical path signals that can be used by the 25 
path generation units and the path termination units in 
the node configuration of Fig. 12 to Fig. 15. 
[0052] The SDH (Synchronous Digital Hierarchy) is 
used as the wideband communication technique repre- 
sented by the wideband ISDN (Integrated Services Dig- 30 
ital Network), and the basic unit for multiplexing in the 
SDH is STM (Synchronous Transport Module). The 
basic unit (level 1) is STM-1 (155.52 Mbits/sec), but the 
others including STM-4 (622,08 Mbits/sec) and STM-1 6 
(2.488 Gbits/sec) are also specified. Fig. 16 shows an 35 
exemplary case of using STM-1 frame. 
[0053] The STM frame is formed by (section) over- 
heads and payloads. Here, the (section) overhead is a 
region for transmitting signals to be used for managing 
the network, and in the present invention, the automatic 40 
path conversion information and the priority order infor- 
mation are defined there. Note that the payload is a 
region for transmitting user data. 

[0054] The path network is a network which is not 
dependent on any channels and transmission media, 45 
which is shared by various services in general, and 
which constitutes a unit of operation in a transmission 
path network. In the SDH, a transmission system por- 
tion in the transmission media network layer is defined 
as a section, and a path in the path network layer is so 
defined as a virtual container. 

[0055] The wavelength multiplexing technique not 
only increases a capacity of the transmission path, but 
also enables the use of wavelengths for the path identi- 
fication and the path routing that are conventionally 55 
realized by using a time position within a TDM (Time 
Division Multiplexing) frame or a cell header in the case 
of ATM (Asynchronous Transfer Mode) at a transmis- 



sion node (cross-connect. ADM (Add/Drop Multi- 
plexer)). An optical network system using optical paths 
in which the wavelength multiplexing in the transmission 
path is used and the identification and the routing are 
realized by the wavelengths at nodes is expected to be 
a next generation network technique. 
[0056] Fig. 17 shows an exemplary configuration of 
an optical path generation device and an optical path 
termination device that can be used as the path gener- 
ation unit and the path termination unit in the node con- 
figuration of Fig. 12 to Fig. 15. 

[0057] As shown in Fig. 17, the optical path genera- 
tion device 40 comprises a switch 49 for switching client 
signals into working signals and protection signals 
according to a switching command from a control unit 
60, an overhead attaching unit 43 for attaching an over- 
head to the working signals entered from the switch 49, 
an E/O conversion unit 41 for converting electric signals 
of the working signals entered from the overhead 
attaching unit 43 into optical path signals and transmit- 
ting the obtained optical path signals to a working opti- 
cal path, an overhead attaching unit 44 for attaching an 
overhead to the protection signals entered from the 
switch 49, and an E/O conversion unit 42 for converting 
electric signals of the protection signals entered from 
the overhead attaching unit 44 and transmitting the 
obtained optical path signals to an protection optical 
path. 

[0058] The overhead attaching unit 43 (44) has a 
priority order writing unit 45 (47) for writing a value of the 
priority order byte into the overhead according to a com- 
mand from the control, unit 60, and an automatic path 
conversion information writing unit 46 (48) for writing a 
value of the automatic path conversion byte into the 
overhead according to a command from the control unit 
60. 

[0059] Also, as shown in Fig. 17, the optical path 
termination device 50 comprises an O/E conversion unit 

51 for converting the optical path signals received from 
the working optical, path into electric signals of the 
working signals, an overhead separation unit 53 for sep- 
arating the overhead from the working signals entered 
from the O/E conversion unit 51 , an O/E conversion unit 

52 for converting the optical path signals received from 
the protection optical path into electric signals of the 
protection signals, an overhead separation unit 54 for 
separating the overhead from the protection signals 
entered from the O/E conversion unit 52, and a switch 
59 for switching the working signals and the protection 
signals entered from the overhead separation units 53 
and 54 into the client signals according to a switching 
command from the control unit 60. 

[0060] The overhead separation unit 53 (54) has a 
priority order reading unit 55 (57) for reading a value of 
the priority order byte from the overhead and transfer- 
ring it to the control unit 60, and an automatic path con- 
version information reading unit 56 (58) for reading a 
value of the automatic path conversion byte from the 
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overhead and transferring it to the control unit 60. 
[0061] The control unit 60 controls the optical path 
generation device 40 and the optical path termination 
device 50. In the case of carrying out the automatic path 
conversion, the optical path generation device 40 and 
the optical path termination device 50 are controlled to 
realize the automatic path conversion according to the 
automatic path conversion byte and the priority order 
byte. 

[0062] In the optical path generation device 40 of 
Fig. 17, the signals to be transmitted are first entered 
into the overhead attaching units 43 and 44 via the 
switch 49. At the overhead attaching unit 43 (44), the 
priority order writing unit 45 (47) writes the priority order 
information into the overhead, and the automatic path 
conversion information writing unit 46 (48) writes the 
automatic path conversion information into the over- 
head. The signals with the overhead attached at the 
overhead attaching unit 43 (44) are then converted from 
electric signals into optical signals at the E/O conver- 
sion unit 41 (42), and outputted as the optical path sig- 
nals. 

[0063] The signals transmitted through the working 
and protection optical paths are applied with a termina- 
tion processing at the optical path termination device 
50. First, the optical path signals are converted into 
electric signals at the O/E conversion unit 51 (52), and 
the overhead is separated from the obtained electric 
signals at the overhead separation unit 53 (54). At the 
overhead separation unit 53 (54), the priority order infor- 
mation is read out by the priority order reading unit 55 
(57), and the automatic path conversion information is 
read out by the automatic path conversion information 
reading unit 56 (58). The priority order information and 
the automatic path conversion information read out from 
the overhead are then transferred to the control unit 60, 
and interpreted there to carry out appropriate opera- 
tions according to the priority order information and the 
automatic path conversion information. At a time of writ- 
ing the priority order information and the automatic path 
conversion information into the overhead, commands 
are sent from the control unit 60 to the respective writing 
units. 

[0064] It is to be noted that, a node in the path net- 
work generally has a configuration combining that of the 
transmitting node and that of the receiving node as 
described above so that it can function as either the 
transmitting node or the receiving node according to the 
need. 

[0065] As described, according to the present 
invention, it is possible to provide a path network and a 
path network operation method which are capable of 
dealing with the bandwidth increase request due to an 
abrupt traffic variation by temporarily utilizing a protec- 
tion path as a working path, in view of the fact that the 
path network provides protection paths in correspond- 
ence to working paths in most cases. 
[0066] It is also to be noted that, besides those 



already mentioned above, many modifications and vari- 
ations of the above embodiments may be made without 
departing from the novel and advantageous features of 
the present invention. Accordingly, all such modifica- 
5 tions and variations are intended to be included within 
the scope of the appended claims. 

Claims 

10 1. A method for operating a path network for carrying 
out communications between nodes using one or 
more working paths and one or more protection 
paths, the method comprising the steps of: 

15 transmitting path signals from a transmitting 

node to a receiving node through the working 
paths and the protection paths; and 
converting a protection path into a working path 
temporarily in order to increase a bandwidth of 

20 the working paths when a bandwidth increase 

request occurs in the path network. 

2. The method of claim 1, wherein at the transmitting 
step, the transmitting node transmits the path sig- 

25 nals obtained by attaching a path overhead to client 

signals, where the path overhead contains an auto- 
matic path conversion information to be used in 
converting a protection path into a working path, 
and 

30 

at the converting step, the transmitting node 
and the receiving node convert a protection 
path into a working path by using the automatic 
path conversion information contained in the 
35 path overhead. 

3. The method of claim 2, wherein the converting step 
further comprises the steps of: 

40 at the transmitting node, transmitting the path 

signals with the path overhead that contains 
the automatic path conversion information indi- 
cating a protection path conversion request for 
requesting a conversion of a protection path 

45 into a working path to the receiving node; 

at the receiving node, in response to the pro- 
tection path conversion request, reserving an 
output terminal at a receiving side, connecting 
an input of the output terminal to a path from 

so which the protection path conversion request is 

received, and returning the path signals with 
the path overhead that contains the automatic 
path conversion information indicating a pro- 
tection path conversion reverse request for 

55 requesting transmission of signals through a 

converted path to the transmitting node; and 
at the transmitting node, in response to the pro- 
tection path conversion reverse request, trans- 
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mitting the path signals with the path overhead 
that contains the automatic path conversion 
information indicating a protection path conver- 
sion complete notice to the receiving node, 
through the converted path. 5 

4. The method of claim 1 , further comprising the steps 
of: 

adding protection paths in order to increase a 10 
bandwidth of the protection paths after the con- 
verting step; and 

re-arranging the working paths and the protec- 
tion paths after the adding step such that all the 
working paths connect the transmitting node 15 
and the receiving node via a first route and all 
the protection paths connect the transmitting 
node and the receiving node via a second 
route. 

20 

5. The method of claim 4, further comprising the step 
of: 

assigning priority orders among the working 
paths and the protection paths in advance, 25 
such that the converting step converts a pro- 
tection path with a highest priority order into a 
working path: 

wherein the re-arranging step re-arranges the 
working paths and the protection paths by re- 30 
assigning the priority orders among the work- 
ing paths and the protection paths. 

6. The method of claim 5, wherein at the transmitting 
step, the transmitting node transmits the path sig- 35 
nals obtained by attaching a path overhead to client 
signals, through each one of the working paths and 

the protection paths, where the path overhead 
attached to the path signals to be transmitted 
through each path contains a priority order informa- 40 
tion indicating a priority order of each path, and 

at the converting step, the transmitting node 
and the receiving node convert a protection 
path into a working path by using the priority 45 
order information contained in the path over- 
head attached to the path signals transmitted 
through each path. 

7. The method of claim 1, further comprising the step so 
of: 

releasing a part of the working paths and the 
protection paths in order to reduce a bandwidth 
of the working paths and the protection paths 55 
when a required bandwidth in the path network 
decreases. 



8. A path network for carrying out communications 
between nodes, comprising: 

a transmitting node for transmitting path sig- 
nals; 

a receiving node for receiving the path signals: 
and 

one or more working paths and one or more 
protection paths for transmitting path signals 
between the transmitting node and the receiv- 
ing node; 

wherein the transmitting node and the receiv- 
ing node have a function for converting a pro- 
tection path into a working path temporarily in 
order to increase a bandwidth of the working 
paths when a bandwidth increase request 
occurs in the path network. 

9. The path network of claim 8, wherein the transmit- 
ting node has path generation units for transmitting 
the path signals obtained by attaching a path over- 
head to client signals, where the path overhead 
contains an automatic path conversion information 
to be used in converting a protection path into a 
working path, and the receiving node has path ter- 
mination units for applying a termination processing 
to the path overhead, such that the path generation 
units and the path termination units convert a pro- 
tection path into a working path by using the auto- 
matic path conversion information contained in the 
path overhead. 

10. The path network of claim 9, wherein the transmit- 
ting node has path generation units for transmitting 
the path signals with the path overhead that con- 
tains the automatic path conversion information 
indicating a protection path conversion request for 
requesting a conversion of a protection path into a 
working path to the receiving node; 

the receiving node has path termination units 
for reserving an output terminal at a receiving 
side, connecting an input of the output terminal 
to a path from which the protection path con- 
version request is received, and returning the 
path signals with the path overhead that con- 
tains the automatic path conversion information 
indicating a protection path conversion reverse 
request for requesting transmission of signals 
through a converted path to the transmitting 
node, in response to the protection path con- 
version request; and 

the path generation units of the transmitting 
node also transmit the path signals with the 
path overhead that contains the automatic path 
conversion information indicating a protection 
path conversion complete notice to the receiv- 
ing node, through the converted path, in 
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response to the protection path conversion 
reverse request. 

1 1 . The path network of claim 8, further comprising: 

5 

a network management system for adding pro- 
tection paths in order to increase a bandwidth 
of the protection paths after a conversion of a 
protection path into a working path, and re- 
arranging the working paths and the protection 10 
paths after an addition of the protection paths 
such that all the working paths connect the 
transmitting node and the receiving node via a 
first route and all the protection paths connect 
the transmitting node and the receiving node 15 
via a second route. 

12. The path network of claim 1 1 , wherein the network 
management system also assigns priority orders 
among the working paths and the protection paths 20 
in advance, such that the transmitting node and the 
receiving node convert a protection path with a 
highest priority order into a working path, and re- 
arranges the working paths and the protection 
paths by re-assigning the priority orders among the 25 
working paths and the protection paths. 

13. The path network of claim 1 2, wherein the transmit- 
ting node has path generation units for transmitting 

the path signals obtained by attaching a path over- 30 
head to client signals, through each one of the 
working paths and the protection paths, where the 
path overhead attached to the path signals to be 
transmitted through each path contains a priority 
order information indicating a priority order of each 35 
path, and the receiving node has path termination 
units for applying a termination processing to the 
path overhead, such that the path generation units 
and the path termination units convert a protection 
path into a working path by using the priority order 40 
information contained in the path overhead 
attached to the path signals transmitted through 
each path. 



a plurality of path generation units, each path 
generation unit transmits path signals obtained 
by attaching a path overhead to client signals, 
where the path overhead contains an auto- 
matic path conversion information to be used in 
converting a protection path into a working 
path, such that a protection path is converted 
into a working path temporarily by using the 
automatic path conversion information con- 
tained in the path overhead, in order to 
increase a bandwidth of the working paths 
when a bandwidth increase request occurs in 
the path network; 

a plurality of multiplexing units, each multiplex- 
ing unit multiplexes the path signals to be trans- 
mitted through each route and transmits 
multiplexed path signals through each route; 
and 

a switch unit for switching the path signals 
transmitted by the path generation units into 
the multiplexing units. 

16. The node device of claim 15, wherein at a time of 
converting a protection path into a working path, the 
path generation units transmit the path signals with 
the path overhead that contains the automatic path 
conversion information indicating a protection path 
conversion request for requesting a conversion of a 
protection path into a working path to the receiving 
node, and when the transmission node receives the 
path signals with the path overhead that contains 
the automatic path conversion information indicat- 
ing a protection path conversion reverse request for 
requesting transmission of signals through a con- 
verted path to the transmitting node, that is 
returned from the receiving node in response to the 
protection path conversion request, the path gener- 
ation units transmit the path signals with the path 
overhead that contains the automatic path conver- 
sion information indicating a protection path conver- 
sion complete notice to the receiving node, through 
the converted path, in response to the protection 
path conversion reverse request. 



14. The path network of claim 8, wherein the transmit- 45 
ting node and the receiving node also have a func- 
tion for releasing a part of the working paths and 

the protection paths in order to reduce a bandwidth 
of the working paths and the protection paths when 
a required bandwidth in the path network so 
decreases. 

15. A node device functioning as a transmitting node in 
a path network for carrying out communications 
between nodes using one or more working paths 55 
and one or more protection paths, the node device 
comprising: 



17. The node device of claim 15, wherein each path 
generation unit attaches the path overhead that 
also contains a priority order information indicating 
a priority order of each path to the path signals to 
be transmitted through each path, such that the 
transmitting node and the receiving node convert a 
protection path into a working path by using the pri- 
ority order information contained in the path over- 
head attached to the path signals transmitted 
through each path. 

18. A node device functioning as a receiving node in a 
path network for carrying out communications 
between nodes using one or more working paths 
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and one or more protection paths, the node device 
comprising; 



a plurality of path termination units, each path 
termination unit applies a termination process- 5 
ing to a path overhead attached to path signals 
received from a transmitting node, where the 
path overhead contains an automatic path con- 
version information to be used in converting a 
protection path into a working path, such that a 10 
protection path is converted into a working path 
temporarily by using the automatic path con- 
version information contained in the path over- 
head, in order to increase a bandwidth of the 
working paths when a bandwidth increase 15 
request occurs in the path network; 
a plurality of demultiplexing units, each demul- 
tiplexing unit demultiplexes multiplexed path 
signals transmitted through each route into 
path signals for each path; and 20 
a switch unit for switching the path signals for 
each path obtained by the demultiplexing units 
into the path termination units. 

1 9. The path network of claim 1 8, wherein at a time of 25 
converting a protection path into a working path, 
when the receiving node receives the path signals 
with the path overhead that contains the automatic 
path conversion information indicating a protection 
path conversion request for requesting a conver- 30 
sion of a protection path into a working path from 

the transmitting node, the path termination units 
reserve an output terminal at a receiving side, con- 
nect an input of the output terminal to a path from 
which the protection path conversion request is 35 
received, and return the path signals with the path 
overhead that contains the automatic path conver- 
sion information indicating a protection path conver- 
sion reverse request for requesting transmission of 
signals through a converted path to the transmitting 40 
node, in response to the protection path conversion 
request, and receive the path signals with the path 
overhead that contains the automatic path conver- 
sion information indicating a protection path conver- 
sion complete notice from the transmitting node, 45 
through the converted path, in response to the pro- 
tection path conversion reverse request. 

20. The node device of claim 1 8, wherein each path ter- 
mination unit applies the termination processing to so 
the path overhead attached to the path signals for 
each path that also contains a priority order infor- 
mation indicating a priority order of each path, such 
that the transmitting node and the receiving node 
convert a protection path into a working path by 55 
using the priority order information contained in the 
path overhead attached to the path signals trans- 
mitted through each path. 
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